METHOD AND SYSTEM TO FLUSH AN RO SYSTEM 


Field 

The present invention relates to the field of water purifying systems and 
5 more specifically to a system to flush an RO system. 

Background 

A reverse osmosis (RO) system includes a membrane. When feed water 
enters the system, some water goes through the membrane as purified permeate and 
10 some is left as concentrate. When the system is shut off, there is no flow through 
the system and the salts and impurities can slowly diffuse through the membrane 
from the concentrate side into the permeate side. When the system is turned on 
again, this results in the delivery of permeate having a higher concentration of 
impurities being delivered to the faucet than when the system was turned off. 

15 

Summary 

A system includes a membrane module having an inlet connected to a feed 
line, the membrane module also having a concentrate outlet coupled to a concentrate 
line, and a permeate outlet coupled to a permeate line. The permeate line 
20 communicates with a faucet. The system also includes a flush reservoir 

communicatively coupled between the permeate line and the feed line. The system 
is configured such that after the faucet is turned off, a portion of permeate is 
delivered to the reservoir and then delivered to the inlet of the module to flush the 
module. 

25 

Brief Description of the Drawings 

Figure 1 shows a schematic representation of a RO system in accordance 
with one embodiment. 

Figures 2-5 show an example of the system of Figure 1 in operation. 
30 Figure 6 is a graph depicting the performance of one embodiment of the 

present system. 
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Detailed Description 

In the following detailed description, reference is made to the accompanying 
drawings which form a part hereof, and in which is shown by way of illustration 

5 specific embodiments in which the invention may be practiced. These embodiments 
are described in sufficient detail to enable those skilled in the art to practice the 
invention, and it is to be understood that other embodiments may be utilized and 
that structural changes may be made without departing from the scope of the present 
invention. Therefore, the following detailed description is not to be taken in a 

10 limiting sense, and the scope of the present invention is defined by the appended 
claims and their equivalents. 

Figure 1 shows a schematic representation of an RO system 1 00 in 
accordance with one embodiment. System 100 includes an RO membrane module 
105 having a concentrate portion 107 and a permeate portion 109. Module 105 has 

15 a feed water input 112 communicating with a feed water input line 114. System 100 
also includes a concentrate outlet 1 16 communicating with a concentrate outlet line 
115, and a permeate outlet 118 communicating with a permeate outlet line 120. 
Permeate outlet line 120 is coupled to a faucet 122, which can be actuated to allow 
water to flow through the system. Lines 1 14, 115, and 120 can be hoses, molded 

20 passages, pipes, other fluid communication passages, or combinations of any of 

these. In general use, feed water flows into input 1 12, and concentrate flows out of 
outlet 116 while permeate is delivered out of output 118. 

A flush reservoir 130 is coupled between permeate outlet line 120 and feed 
water inlet line 1 14. In one embodiment, a check valve 132 is located between 

25 permeate outlet line 120 and reservoir 130 and a check valve 134 is located between 
inlet line 114 and the reservoir. As will be discussed in further detail below, 
reservoir 130 temporarily stores an amount of permeate after faucet 122 has been 
turned off by a user. The stored permeate from the flush reservoir 130 is then fed 
back into module 105 via input 1 12 to flush the concentrate portion 107 of the 

30 module. In some embodiments, flush reservoir 130 can be a diaphragm tank or a 
type of accumulator, for example. In one embodiment, flush reservoir 130 can be 
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dimensioned to hold up to about one liter of permeate. Other embodiments can 
utilize reservoirs of greater size or less size. 

RO module 105 can include one, two, or more RO elements which can be 
configured in series or in parallel. For example, spiral wound elements having a 
5 diameter of about 2 inches or less and a length of about 12 inches or less can be 
used. In one embodiment, RO module 105 can also include a pre-filter, such as a 
carbon filter, to treat the feed water before the water reaches the RO elements. In 
one embodiment, system 100 can include a housing enclosing and housing the 
elements. In some embodiments, the housing can enclose flush reservoir 1 30 also. 

10 For example, the housing can enclose all the relevant parts of system 100 except for 
faucet 122. In other embodiments, flush reservoir 130 can be separate from the 
housing. The housing can include three inlet/outlets, such as inlet/outlets 112, 116, 
1 18 to communicate with the outside. 

In some embodiments, a high-flux membrane can be used for the RO 

1 5 elements of module 105. A module having a high-flux membrane eliminates the 
need for a permeate storage tank between the permeate outlet 1 18 and the faucet 
122. Such a tank-less system emphasizes the need for flushing module 105 after use 
since the permeate comes directly from module 105 without being dissipated in a 
storage tank and re- filtered before being delivered to a user, such as in typical RO 

20 home systems. 

A flow control 140, such as an automatic shut-off valve, is operatively 
coupled between outlet line 120 and feed water line 1 14. A check valve 136 is 
located in line 120 between flow control 140 and permeate outlet 118, and after the 
branching of the line to flush reservoir 130. Flow control 140 is operative so as to 

25 use the pressure differential between permeate line 120 and feed line 1 14 to regulate 
flow through the system. In one embodiment, a non-electric automatic shut-off 
valve can be used. Thus, when a user opens faucet 122 the corresponding drop in 
pressure in line 120 causes flow control 140 to open feed line 1 14 letting water flow 
into inlet 1 12 (check valve 134 prevents feed water from flowing towards reservoir 

30 130). When the faucet 1 22 is closed, the eventual rise of pressure in line 1 20 as 
reservoir 130 fills causes flow control 140 to close line 114. 
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In general, system 100 is configured as a tank-less RO system for home use. 
In such an environment, feed-line 1 14 operates under a feed pressure of about 40-75 
psi. The entire system is usually fitted beneath a sink or can be enclosed in a 
housing and located on a counter next to the sink, for example. 
5 Figures 2-6 show the operation of system 100, in accordance with one 

embodiment. As noted above, system 100 is configured such that when the system 
is turned off, a portion of permeate is delivered from the outlet to the inlet to flush 
the system. 

Figure 2 shows the operation of the system when faucet 122 is opened. 

10 When the faucet is opened, the corresponding drop in pressure in line 120 causes 
control 140 to open feed water line 114. The feed water enters module 105 and 
concentrate flows out of concentrate outlet 116 while permeate is delivered to the 
user via faucet 122. In one example, flush reservoir 130 has a positive pressure 
when dry or empty of about 3 psi. Check valve 132 prevents permeate from flowing 

15 to reservoir 130 until that pressure is overcome. Thus, when the faucet is open, line 
120 is at about atmospheric pressure and virtually all the permeate flows out of the 
faucet. 

When faucet 122 is closed (Figure 3), pressure increases in line 120 and 
permeate flow branches towards reservoir 130 through check valve 132. As the 

20 reservoir 130 is filled with permeate, pressure builds in line 120 until the pressure 
differential across control 140 causes control 140 to shut off feed line 1 14. In one 
embodiment, control 140 closes the feed line when line 120 is at about 1/3 to 1/4 of 
the feed line pressure. Check valve 136 then acts to maintain the pressure built up 
in line 120 so as to keep the feed line shut off as long as faucet 122 remains closed. 

25 In one example, flow of feed water continues for about 30 seconds after the faucet is 
turned off. As noted above, in one example the reservoir 130 is filled with 
approximately 1 liter of permeate during this time. 

Referring to Figure 4, once the feed line is 1 14 is closed and reservoir 130 is 
sufficiently filled with permeate, the pressure differential between reservoir 130 and 

30 feed line 1 14 causes the stored permeate to flow through check valve 134 and into 
inlet 1 12 of module 105. The permeate from reservoir 130 dilutes the higher 
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concentration portion 107 of module 105 and eventually flushes the concentrate out 
to the concentrate line 115 such that the concentrate portion 107 of the module is 
filled at least partially with permeate or filled completely with permeate. In one 
example, flush reservoir builds up to about a 10 psi pressure when being filled with 
5 permeate. 

As can be seen in Figure 5, once permeate is within concentrate portion 107, 
any cross-diffusion within the module only results in permeate entering the 
permeate portion 109 of the module. Accordingly, when the faucet 122 is opened 
again, the permeate that flows immediately out of the faucet does not contain 

10 unacceptable amounts of salt or other impurities. 

In one example, system 100 can be installed in a typical home RO 
environment. For example, feed pressure in line 114 can be about 40-75 psi. 
Control 140 can be an automatic shut-off valve designed to shut offline 1 14 when 
the pressure differential across the shut-off valve is about 1/3 to 1/4 of the feed line 

1 5 pressure. Check valve 1 36 can be a one-way check valve. Check valve 1 32 can be 
a one-way check valve that opens when the faucet closes due to pressure build up in 
the outlet line. Check valve 134 can be a one-way check valve that opens once the 
reservoir pressure is greater than the feed line pressure. In one or more 
embodiments, one or more of valves 132, 134, 136 can be omitted and/or other flow 

20 controls used. In one embodiment, a flow control, such as an automatic shut-off 

valve can be operatively coupled between line 120 and concentrate outlet line 1 1 5 in 
place of, or in addition to, control 140 discussed above. 

Accordingly, system 100 provides a relatively simple flushing system which 
does not require pumps or electronic controls to force or control the flow of water 

25 through the system. In contrast, by using check valves 132, 134, 136, and automatic 
shut-off valve 140, the system allows for automatic flushing of the concentrate side 
of module 105 each time the faucet is closed. By waiting until the faucet closes to 
collect the permeate for flushing, the system does not waste any permeate or 
inconvenience the user. The flushing happens without the user even being aware of 

30 it and no permeate that the user wants immediately is diverted. 
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Figure 6 shows a graph of test results comparing salt passage percentage 
over time when a faucet is opened after a 10-minute gap between closing the faucet 
and opening it again. Line A shows a standard system without flushing where it is 
shown that a high percentage of impurities are delivered when the system is first 
5 opened. Line B shows a system as described above, according to one embodiment, 
where the impurity percentage starts off and stays relatively low when the faucet is 
opened. 

In some embodiments, system 100 can also be used with a permeate storage 
tank located between module 105 and faucet 122 to store permeate. 
10 It is understood that the above description is intended to be illustrative, and 

not restrictive. Many other embodiments will be apparent to those of skill in the art 
upon reviewing the above description. The scope of the invention should, therefore, 
be determined with reference to the appended claims, along with the full scope of 
equivalents to which such claims are entitled. 
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